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EU    European Union 
FFEM   Fonds Français pour l'Environnement Mondial  
FGE    Founder Genome Equivalents 
FGS    Founder Genome Surviving 
FI    Finland 
FIC    Founder Importance Coefficient 
FMD    Foot and Mouth Disease 
FPA    Fenced Protected Area 
FR    Faunal Reserve 
FR    France 
GB    United Kingdom 
GD    Gene Diversity 
GE    Georgia   
GR    Greece 
GU    Genome Uniqueness 
GV    Gene Value 
He    Expected Heterozygosity 
HR    Croatia 
HU    Hungary 
IE    Ireland 
IL    Israel 
ISB    International Studbook 
ISIS    International Species Information System 
IT    Italy 
IUCN    The World Conservation Union 
JAZA    Japanese Association of Zoos and Aquaria 
KZ    Kazakhstan 
LR    Lynch-Ritland Relatedness Value 
LT    Lithuania 
LTF    Lost-to-follow-up 
LV    Latvia   
MAI    Maximum Avoidance of Inbreeding 
MD    Republic of Moldovav 
MGA    Melengestrol Acetate 
MHC    Major Histocompatibility Complex  
MK    Mean Kinship 
MtDNA  Mitochondrial DNA 
Ne    Effective population size 
NL    Netherlands 
NO    Norway 
NP    National Park 
NR    Nature Reserve 
OIE    World Organisation for Animal Health 
PA    Protected area 
PE    Probability of extinction 
PL    Poland 
PM2000  Population Management 2000 software 
PMP    Population Management Plan 
PMx    Population Management x software 
PT    Portugal 
PVA    Population Viability Analysis 
QA    Qatar 
RAPD   Random Amplified Polymorphic DNA 
REGASP  Regional Animal Species Collection Plan 
RFLP    Restriction Fragment Length Polymorphisms 
RU    Russian Federation 
SCF    Sahara Conservation Fund  
SD    Standard deviation 
SE    Sweden 
SFR    Special Faunal Reserve 
SHO    Scimitar-horned oryx 
SI    Slovenia 
SK    Slovakia 
SNP    Single Nucleotide Polymorphisms 
SPARKS  Single Population Analysis and Record Keeping System 
SSC    IUCN Species Survival Commission  
SSP    Species Survival Planvi 
TAG  Taxon Advisory Group 
TE  Time to extinction   
UA  Ukraine 
ZAA  Zoo and Aquarium Association (formerly the Australasian Regional 
Association of Zoological Parks and Aquaria) 








The EEP experiences many of the problems encountered by other intensively managed 
populations. It has a wide geographical range (Figure 2.4) and is sub-divided by national 
and international legislation (Gilbert 2010b; Gilbert & Woodfine 2004a; ISIS 2009), as are 
33 other intensively managed bovidae species in Europe (EAZA 2010b; ISIS 2010; IUCN 
2010). The concerns over the quality of the scimitar-horned oryx pedigree data are 
experienced by many coordinated captive breeding programmes (ISIS 2006). For example, 
83% of international studbooks updated since 2001 and published in the ISIS/WAZA 
2006, 2007 and 2008 studbook library database (ISIS 2009) have incomplete pedigree data.  
At the same time, the amount of studbook data available for analysis makes it an 
appropriate study species. The scimitar-horned oryx international studbook is the third 
largest species studbook on the ISIS/WAZA studbook library database with 7275 listed 
individuals spanning 136-years (ISIS 2009; Gilbert 2010a). The number of individuals and 
the depth of the pedigree data in the studbook lend it to detailed analysis. The EEP is also 
the largest managed antelope population in the European region (Reitkerk & Glatston 
2003). Overall, its population is representative of many captive species and it is an 
important reference population for the intensive management paradigm. 































































































































































































































































































































































































































Table 2.1   The major events in scimitar-horned oryx history 
 
BH:  Bou  Hedma  National  Park,  Tunisia;  Dg:  Dghoumes  National  Park,  Tunisia;  GR: 
Guembeul Reserve, Senegal; OD: Oued Dekouk Nature Reserve, Tunisia; SM: Souss 
Massa National Park, Morocco; ST: Sidi Toui National Park, Tunisia 
 
References: Bertram 1988; Brice 2006; De Caro 2006; Devillers & Devillers-Terschuren 
2006; Dolan 1966; Doppel 2006; Fitzinger 1853; Gilbert & Woodfine 2004a; Gilbert 2008; 
Gilbert 2010a; Gordon 1991; Hufnagl et al. 1972; Lamprey 1975; Loggers et al. 1992; 
Molcanova & Wacher 2010, 2011; Newby 1988; Ouabrou, W. pers. comm. 2011; Van den 












Year  Wild    Captivity    Reintroduction 
 1830   
 
  1832: oryx first recorded in captivity 
in Europe (origin unknown)  
   
 1840   
 
       
 1850  1850s: extinct in Egypt
 & Senegal      
 
   
 1860   
 
   
 
   
 1870   
 
  1876: oryx first recorded in captivity 
in the USA (origin unknown)  
   
 1880   
 
   
 
   
 1890   
 
   
 
   
 1900  1906: last Tunisian oryx is killed      
 
   
 1910   
 
   
 
   
 1920   
 
   
 
   
 1930  1932: extinct in Morocco     1931:oryx first recorded in captivity 
in Australia & Egypt  
   
 1940  1940s: extinct in Libya  
 
   
 
   
 1950  1950s: extinct in Burkina Faso      
 
   
 1960  1960s: extinct Algeria & Mauritania; 
1963: extinct in W. Sahara 
  1963: 4 founders from Chad  
1967: ~44 founders from Chad  
   
 1970  1978: extinct in Sudan 
 
  1970: 116 oryx in 28 global  
institutions  
   
 1980  1980s: extinct in Niger & Chad; 
1981: extinct in Mali  
  1980: 508 oryx in 78 global 
institutions 
  1985: 10 oryx to BH 
 1990      1990: 1114 oryx in 138 global 
institutions 
  1995–97: 25 to SM; 1999: 10 to 
ST & 3 to OD; 1999: 8 to GR 
 2000  Classified as ‘Extinct in the Wild’ 
by the IUCN Red List 
  2007: 1684 oryx in 203 global 
institutions  
  2000–2002: 2 oryx to GR
 
2007: 9 oryx to Dg 
 2010   
 
  2010: 1689 oryx in 211 global 
institutions 
  2010: ~50 in BH, 54 in Dg, ~50 



















































































































































Table 2.2   Summary of global scimitar-horned oryx populations in 2010 
 
Region / County  Descriptor  Population size  Institutions  Total 
North America  Texan ranches  ~11,000
1,2  unknown  11,502 
  ISB  285  33  - 
  SSP
a  217  28  - 
Mexico  ISB  28  8  28 
Cuba  ISB  3  1  3 
Europe  ISB  128  21  501 
  EEP  428
3  53  - 
Middle East  AWPR  150  1  4177 
  AE  3854
4  2  - 
  ISB  118  10  - 
  EEP  55  2  - 
South Africa  ISB  65  6  65 
Northern Africa  Tunisia ISB  17  1  471 
  Tunisia FPA  215
5  4  - 
  Morocco ISB  6  1  - 
  Morocco FPA  160  2  - 
  Algeria ISB  16  1  - 
  Egypt ISB  17  5  - 
  Senegal FPA  40  2  - 
China  ISB  23  5  23 
Japan  JAZA / ISB  72  18  18 
Singapore  ISB  4  1  4 
South Korea  ISB  18  2  18 
Sri Lanka  ISB  6  1  6 
Thailand  ISB  8  1  8 
Australasia  ISB  20  1  20 
  ASMP
b  28  5  28 
      Grand Total  16,927 
 
Key: 
a defined by AZA filter; 
b defined by ZAA filter; ASMP: Australasian Species 
Management Plan; AWPR: Al Ain Wildlife Park and Resort; EEP: European Endangered 
species Programme; FPA: Fenced Protected Area; ISB: International Studbook; JAZA: 
































































Figure 2.3 The distribution of the global founders and their offspring. Figure 2.3.1 
illustrates the location and dates of transfers of the founders. Figure 2.3.2 
illustrates their distribution to institutions after the quarantine period, and 
Figure 2.3.3 illustrates the distribution of their descendants to global 
institutions  
1937 & 1955 
























































Figure 2.4  Scimitar-horned oryx EEP institutions in (Figure 2.4.1), and outside (Figure 
2.4.2) the European region. Two institutions, the DDCR and Pretoria Zoo are 
included on the map in relation to Chapter Five, but are not part of the EEP. 
Table 2.3 provides a numeric key for the map  
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Table 2.3   Numeric key for Figures 3.1 and 3.2 with institutional mnemonics. Institutional 
mnemonics are described in Appendix B 
 
Key  Institution  Key  Institution  Key  Institution  Key  Institution 
1  FOTA  17  OBTERRE  33  AMSTERDAM  49  DVURKRALV 
2  DUBLIN  18  LA PALMYR  34  AMERSFOOR  50  DEBRECEN 
3  MANOR HS.  19  PT ST PER  35  AALBORG  51  VESZPREM 
4  MALTON  20  CABOSSE  36  KREFELD  52  ZAGREB 
5  KNOWSLEY  21  PLAISANCE  37  KARLSRUHE  53  PUNTAVERD 
6  CHESTER  22  LE PAL  38  LEIPZIG  54  BUSSOLENGO 
7  BURFORD  23  MONTPELLI  39  BERLIN TP  55  VALBREMBO 
8  LONGLEAT  24  PELISSANE  40  GDANSK  56  ATTICAZOO 
9  MARWELL  25  CABARCENO 41  PLOCK  57  PRETORIA 
10  CHESSINGTON  26  BARCELONA  42  LODZ  58  DDCR 
11  WHIPSNADE  27  MADRID Z  43  WARSAW  59  JERUSALEM 
12  WOBURNLTD  28  TABERNAS  44  KATOWICE  60  RAMAT GAN 
13  GUERNO  29  ESTEPONA  45  OPOLE  61  RABAT 
14  BOISSIERE  30  LISBON  46  WROCLAW     
15  LISIEUX Z  31  PLANCKENDL47  PLZEN     
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Table 3.2  Studbook data file obtained from the ISIS/WAZA studbook library 
2006/2007/2008. All the studbooks listed are international studbooks. N: the 
number of individuals listed in each studbook; Chp: the chapter number  
Species  Scientific name  SB keeper  N  Chp 
African wild dog   Lycaon pictus  S. Rhodes  3781  4, 7 
Alotran gentle lemur   Hapalemur alaotrensis  T. Wright  129  7 
Amur leopard   Panthera pardus orientalis  O. Walters  665  7 
Amur tiger   Panthera tigris altaica  P. Mueller  4914  4, 7 
Arabian leopard   Panthera pardus nimr  J. Edmonds  68  7 
Arabian oryx   Oryx leucoryx  K. Sausman  3572  7 
Aruba Island rattlesnake   Crotalus unicolor  S. Mays  536  7 
Asian small-clawed otter  Aonyx cinereus     S. Duncan  3189  7 
Aye-aye   Daubentonia madagascariensis  T. Wright  104  7 
Babirusa   Babyrousa babyrussa  T.  Kauffels  640  7 
Baird's tapir   Tapirus bairdii  J. Roman  252  7 
Bengal tiger   Panthera tigris tigris  P. Müller  1076  7 
Black and white ruffed lemur  Varecia variegata variegata  I. Porton  2415  7 
Black howler monkey  Alouatta caraya  K. Harris  592  7 
Black lemur  Eulemur macaco macaco  I. Porton  1061  7 
Black lemur   Eulemur macaco flavifrons  I. Porton  177  7 
Black lion tamarin  Leontopithecus chrysopygus  C. V. Padua  422  7 
Black rhinoceros   Diceros bicornis  R. Frese  973  7 
Black-faced impala   Aepyceros melampus petersi  A. Sogorb  223  7 
Black-footed cat   Felis nigripes  U. Schuerer  586  7 
Black-necked crane  Grus nigricollis        X. Zhong  423  7 
Blue-billed currasow  Crax alberti  C. Holmes  55  7 
Blyth's trapoan   Tragopan blythii  M. Saint Jalme  193  7 
Bongo  Tragelaphus eurycerus isaaci  L. F. Bosley  2101  7 
Bonobo  Pan paniscus  Z. Pereboom  399  7 
Buff crested bustard   Lophotis ruficrista     S. Hallager  344  7 
Bush dog   Speothos venaticus  R. Dmoch  1438  7 
Caracal   Caracal caracal  B. Palmer  2312  7 
Cheetah   Acinonyx jubatus  L. Marker  6692  7 
Chinese alligator   Alligator sinensis  M. Litton  380  7 
Chinese leopard  Panthera pardus japonensis  O. Walters  656  7 
Congo peafowl   Afropavo congensis  S. Vansteenkiste  1243  7 
Cotton-top tamarin   Saguinus oedipus  H. Colahan   11728  4, 7 
Crowned sifaka   Propithecus verreauxi coronatus  D. Haring  43  7 
Cuvier's gazelle   Gazella cuvieri  E. Moreno  1239  7 
Diana monkey   Cercopithecus diana   G. Catlow  1066  7 
Douc langur   Pygathrix nemaeus  L. Lippold  449  7 
Drill   Mandrillus leucophaeus  A. Knieriem  654  7 
Fishing cat   Prionailurus viverrinus  J. Kinzer  771  7 
Fossa   Cryptoprocta ferox  A. Winkler  226  7 
Giant anteater   Myrmecophaga tridactyla  I. Schappert  989  7 
Giant eland  Taurotragus derbianus gigas   E. Flossic  221  7 
Giant otter   Pteronura brasiliensis  F. Brandstaetter   440  7 
Giant panda  Ailuropoda melanoleuca  X. Zhong  739  7 
Goeldi's monkey  Callimico goeldii  M. Warneke  2712  7 
Golden lion tamarin  Leontopithecus rosalia       J. Ballou  3727  7 
Golden monkey   Rhinopithecus roxellana  Z. Yu  431  7 
Golden-headed lion tamarin   Leontopithecus chrysomelas  P. Galbusera  2396  7 
Goodfellow's tree kangaroo   Dendrolagus goodfellowi  G. Skipper  209  7 
Gordon's wild cat   Felis silvestris gordoni  A. Sliwa  211  7 
Gorilla  Gorilla gorilla  R. Dmoch  2004  7 
Great hornbill   Buceros bicornis  K. Brouwer  508  7 
Grey gentle lemur   Hapalemur griseus   D. Roullet  73  7 
Grizzled grey tree kangaroo  Dendrolagus inustus  M. Rodden  157  7 
Hartmann's zebra   Equus zebra hartmannae  T. Langenhorst  1383  7 
Hooded crane   Grus monacha  K. Takami  416  7 
Horned Guan   Oreophasis derbianus  J. Cornejo  102  7 
Indochinese tiger   Panthera tigris corbetti  P. Müller  247  7 
Kori bustard   Ardeotis kori  S. Hallager  679  7 
         65 
Table 4.4   Percentage of the data for each category that over- and underestimate F for 
six threshold levels in comparison with the F obtained for the control  
Pedigree completeness category   
  87.5%  75%  62.5%  50% 
Scimitar-horned oryx         
0.0000 level  Underestimate  2  5  5  62 
Overestimate  1  2  2  1  0.0401 level 
  Underestimate  1  4  4  56 
Overestimate  0  1  2  2  0.1250 level 
Underestimate  0  1  3  53 
Overestimate  4  5  4  3  0.2500 level 
Underestimate  1  6  7  53 
Overestimate  12  28  23  14  0.5000 level 
Underestimate  0  2  1  6 
Grevy’s zebra         
0.0000 level  Underestimate  10  34  42  86 
0.0125 level  Overestimate  0  0  0  0 
  Underestimate  6  30  34  68 
0.1250 level  Overestimate  2  2  6  4 
  Underestimate  4  24  16  36 
0.2500 level  Overestimate  0  6  4  6 
  Underestimate  0  8  2  18 
0.5000  level  Overestimate  0  6  2  0 
  Underestimate  N/A  N/A  N/A  N/A 
Cotton-top tamarins         
0.0000 level  Underestimate  6  26  34  76 
0.0076 level  Overestimate  0  1  1  3 
  Underestimate  0  0  0  2 
0.1250 level  Overestimate  0  8  6  4 
  Underestimate  0  0  2  9 
0.2500 level  Overestimate  0  0  1  3 
  Underestimate  0  0  0  2 
0.5000  level  Overestimate  0  2  0  0 
  Underestimate  N/A  N/A  N/A  N/A 
African wild dogs         
0.0000 level  Underestimate  0  5  5  56 
0.0364 level  Overestimate  N/A  N/A  N/A  N/A 
  Underestimate  0  5  5  56 
0.1250 level  Overestimate  0  0  0  0 
  Underestimate  6  5  10  58 
0.2500 level  Overestimate  4  5  6  7 
  Underestimate  5  2  4  31 
0.5000  level  Overestimate  0  2  4  2 
  Underestimate  N/A  N/A  N/A  N/A 
Amur tigers         
0.0000 level  Underestimate  1  9  10  79 
0.0284 level  Overestimate  0  3  1  1 
  Underestimate  1  12  8  73 
0.1250 level  Overestimate  4  6  13  2 
  Underestimate  6  6  10  43 
0.2500 level  Overestimate  6  6  9  5 
  Underestimate  0  4  2  14 
0.5000  level  Overestimate  1  0  4  2 






In this chapter I established that there is a pedigree completeness threshold (62.5% 
complete) for estimating inbreeding coefficients. Studbooks with less pedigree 
completeness need alternative strategies for managing populations. AZA, EAZA and ZAA 
recommend that analytical studbooks, which fill in the gaps in the pedigree with ‘best 
guesses’, are created to address this issue (AZA 2004). I now examine the recommended 
approach of creating analytical studbooks, and test the validity of their assumptions 
(Chapter Five). 
I also apply the results of this chapter in examining the sustainability of captive 
population for multiple species in Chapter Seven, and in evaluating inbreeding depression 





In this chapter, I evaluate the accuracy of the true and analytical scimitar-horned 
oryx studbooks by comparing measures of relatedness derived from microsatellite analyses 
against those derived from the two studbooks. This will determine which studbook 
contains pedigree data most appropriate for the captive management of scimitar-horned 
oryx. The specific objectives are; to 1) determine if the true studbook is an accurate record 
of the genetic diversity of the captive population; and 2) to determine whether the 
analytical or true studbook should be used as the basis for management decisions. Whilst 
this chapter specifically refers to the scimitar-horned oryx studbooks, the results will apply 
more widely to all captive breeding programmes that rely on studbooks with missing 
pedigree data. If the analytical studbook proves to be the most accurate technique available 
at present for managing captive populations with incomplete pedigrees, it will validate 
current approaches to endangered species management in zoological institutions. However, 
the approach may need to be reviewed if the analytical studbook for scimitar-horned oryx 










































































































































































































































































































































































Figure 5.2  Figure 5.2.1 illustrates the pedigree for the study population extracted from 
the true studbook, and Figure 5.2.2 illustrates the pedigree for the same 
individuals extracted from the analytical studbook. The individuals in the study 
(N = 85) are indicated by the heavy black outlines, with males denoted by 
squares and females by circles. The individuals in grey are ancestors and 
represent the historical pedigree of the study population. The lines connect 
parent to offspring, and the horizontal arrangement of individuals provides an 



















































Figure 5.3  The pedigree for individual 32056 extracted from the true studbook (Figure 
5.3.1) and the analytical studbook (Figure 5.3.2) and visualised using the 
Lineage program. Males are denoted by a square, females by a circle and 











































Figure 5.5  The mki derived from the true and analytical studbooks plotted against the 















Figure 5.5.1   All data N = 72         Figure 5.5.2   >37.5% known N = 59 
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Figure 5.6  Top 18 breeding pairs based on the molecular LR values and true and 
analytical studbook mki 
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solution to the issue of missing pedigree data, but they won’t address the problems caused 
by the founder assumption, or cryptic errors in studbooks.  
Despite the limitations of these analyses, there are advantages to using analytical 
studbooks for the analysis of captive populations where pedigree data are missing. I now 
use this approach to examine scimitar-horned oryx population dynamics in Chapter Six, 
scimitar-horned oryx and Arabian oryx population sustainability in Chapter Seven, and 
scimitar-horned oryx EEP population viability in Chapter Eight. 120 
Table 6.4   The number of genetically unimportant females paired with increasing 
projected annual growth rates for the current EEP population 
Growth rate  Probability of breeding success 
%  0.53  0.64  0.75 
0  0  0  0 
1  0  0  0 
2  0  0  0 
3  0  0  0 
4  4  0  0 
5  13  0  0 
6  22  0  0 
7  34  3  0 
7.4
§  37  5  0 
8  44  11  0 
9  53  19  0 
10  62  27  2 
11  74  36  10 
12  84  44  16 
13  93  52  23 
14  102  60  30 
15  111  67  36 
16  123  77  45 
17  133  85  51 
18  142  93  58 
19  151*  101  65 
20  163*  110  73 
21  172*  118  79 
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Figure 6.3   Breeding pairs with genetically unimportant females as a percentage of total 
pairs. Growth rate is modelled as constant over 100-year period. Data are 





















Figure 7.1   Map of the scimitar-horned oryx EEP region: EU with no bluetongue (EU no 
BT); EU bluetongue lower risk zone serotype 8 (EU BT LRZ 8); EU 
bluetongue serotype 1 and 8 (EU BT 1 & 8); EU bluetongue serotype 8 (EU 
BT 8), and; non-EU. The light grey countries do not have scimitar-horned 
oryx or are not part of the EEP (DEFRA 2010; Gilbert 2010a) 
 
 
      EU BT 0 
        
        EU LRZ 8    
 
        EU BT 1 & 8 
          
        EU BT 8   
 
        Non-EU  136 
Table 7.1 continued     
Species  Countries  IUCN status 
     
Sheep and goat TAG     
Blue sheep Pseudois nayaur  CZ, DE, EE, FR, GB, RU    LC 
Chinese goral  
Naemorhedus caudatus 
CZ, DE, EE, FR, GB, PL  VU 
East Caucasian tur  
Capra cylindricornis 
DE, EE, FR, GE, RU  NT 
Japanese serow  
Naemorhedus crispus 
AT, CZ, DE, GB,   LC 
Muskox Ovibos moschatus  CZ, FI, FR, LT, NL, NO, RU  LC 
Nubian ibex Capra nubiana  AE, CH, EE, FR, IL, QA  VU 
Takin  
Budorcas taxicolor 
BE, CZ, DE, DK, EE, FI, FR, GB, HU, LV, PL, 
SK, RU  
VU 
Turkmenian markhor  
Capra falconeri heptneri 
AE, CZ, DE, EE, FI, FR, GB, IT, KZ, LV, MD, 
PL, RU, SE, SK, UA 
EN 
West Caucasian tur  
Capra caucasica 










































Figure 7.7   Founder allele retention in the living descendant population of the scimitar-
horned oryx EEP population in EU and non-EU countries (Figure 7.7.1) and 






































1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Founders
no BT BT 8 BT 1 & 8 BT LRZ 8 non-EU Figure 7.7.2 163 
include semi-captive, reintroduced, and wild populations, captive populations could 
constitute an important component of an integrated conservation plan for each species. 
Under this model, the effective population size of a species may exceed the size necessary 
for long-term evolutionary potential and sustainability. However, the issue of population 
sub-division reducing the effectiveness of population management may still apply unless 
the barriers to migration can be reduced or removed.  
The evaluation of regional and global populations utilised data from published 
international studbooks on the ISIS/WAZA 2006/2007/2008 studbook library database 
(ISIS 2009). International studbooks were only included if they had been updated to the 
end of 2001 onwards, and whilst 93% of studbooks included in the study were updated 
from 2006 onwards, data were not current at the time of writing. The evaluation of the 
sustainability of regional and global programmes would benefit from more current data to 
ensure that it represented contemporary management and populations.  
Additionally standardised filter files were used to extract data for the regional AZA 
and EAZA programmes. If an institution was an AZA or EAZA member and held the 
relevant species, then their data were included in the analyses. Whilst this approach is 
likely to be representative of current populations, some AZA/EAZA institutions may have 
been excluded from some breeding programmes because of historical non-compliance. 
Alternatively, non-AZA/EAZA institutions may be included in some breeding programmes 
because they have either genetically important animals or much-needed space. For 
example the scimitar-horned oryx EEP includes two non-EAZA institutions. In either case 
the institutions and their animals, would have been either incorrectly included or 
incorrectly excluded from the analysis of the regional breeding programme populations.  
Some regional breeding programmes maintain separate studbooks that contain more 
accurate and current data than the international studbook. An example of this is the 
Arabian oryx where the regional studbook contains more current data from more European 
and Middle Eastern institutions that the international studbook (ISIS 2009). The Arabian 
oryx EEP bases population management recommendations on data analysis of the regional 
studbook, rather than the international studbook (Gilbert 2009a; ISIS 2009). Consequently, 
restricting data to the international studbooks as the basis of comparisons between regional 
and global populations may not accurately represent all the populations for each species.  
Despite the limitations of using ISBs from the ISIS/WAZA studbook library 
database, the use of international studbooks provided data quality consistency across all 
three populations, and eliminated studbook quality as a bias in the analyses.  174 
Its specific objectives are: 1) to test the sensitivity of the model to different genetic 
management strategies, varying annual female reproduction, and increasing levels of 
inbreeding as represented by lethal equivalents; 2) to establish the MVP needed to attain a 
99% probability of population persistence for 100-years; 3) to evaluate the impact of 
population sub-division under five fragmentation scenarios on population viability; 4) 
establish the optimal level of migration between population sub-units in a fragmented 
scimitar-horned EEP population. 
 182 
for the baseline scenarios for each fragmentation model. Scenarios were grouped for post-
simulation analyses (Table 8.4). 
The mean time to extinction, mean population size of extant populations, mean gene 
diversity of extant populations, and the mean inbreeding coefficient of extant populations 
were analysed for each set of grouped scenarios, alongside an evaluation of the viability of 
the population (a 99% probability that the population survived for 100-years). Data were 
not normally distributed and did not respond to transformation. Kruskal-Wallis tests were 
applied with post-hoc Mann-Whitney tests incorporating a bonferroni correction to adjust 
the level of significance of multiple paired tests (Table 8.5) (Dytham 2011). 
Some scenarios in the genetic management strategy, female reproduction, lethal 
equivalents, and carrying capacity models did not have any simulated populations go 
extinct. In contrast, all simulated populations went extinct for other scenarios e.g. in the 
countries model. In these instances Kruskal-Wallis tests were not applied to all analytical 
parameters.   
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Table 8.1   Parameters for the PVA model. Variations in scenario parameters are 
specified in Table 8.2 
 
Parameter  Value 
Model definitions   
Replications  500  
Years  100-years 
Extinction definition  Only one sex remains 
   
Inbreeding   
Inbreeding depression (Lethal equivalents) *  6.97  
% LE due to recessive alleles  50% 
   
Reproduction   
Breeding system  Polyganous 
Maximum age of reproduction (and lifespan)  10 
Minimum female breeding age  3 
Minimum male breeding age  4 
Maximum number of broods per year  2 
Distribution of broods per year:   - 
1 brood  89.69% 
2 broods  10.31% 
Maximum number of progeny per brood:  2 
litter size of 1  99.49% 
litter size of 2  0.51% 
Sex ratio at birth (% males)  50% 
Density dependent reproduction  Yes 
% of females breeding 
†  =[64–(N/(0+N)) 
Environmental variation in % of females breeding  10.97% (Appendix K) 
% males in the breeding pool  42% 
   
Mortality   
Female mortality   
Mean mortality 0 – 1 years  27.19 
SD due to environmental variation 0 – 1 years  7.40 
Mean mortality 1 – 2 years  4.64 
SD due to environmental variation 1 – 2 years  2.99 
Mean mortality 2 – 3 years  4.87 
SD due to environmental variation 2 – 3 years  4.10 
Mean mortality >3  years  7.25 
SD due to environmental variation >3 years  1.77 
Male mortality   
Mean mortality 0 – 1 years  35.72 
SD due to environmental variation 0 – 1 years  7.07 
Mean mortality 1 – 2 years  14.74 
SD due to environmental variation 1 – 2 years  7.48 
Mean mortality 2 – 3 years  8.85 
SD due to environmental variation 2 – 3 years  7.17 
Mean mortality 3 – 4 years  9.06 
SD due to environmental variation 3 – 4 years  10.35 
Mean mortality >4  years  14.34 
SD due to environmental variation >4 years  4.86 
   
Environmental stochasticity   
Environmental variation of survival & reproduction  Concordant 
Environmental variation correlation among populations  0.50 
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Table 8.1 continued   
Parameter  Value 
Breeding plan   
Breed to maintain population at K  Yes 
Prevent matings with F greater than  0.50 
Pair according to mean kinships  Yes 
Using a dynamic MK list  Yes 
Number of times to try and find a mate  10 
Maximum number of females to one male  15 
   
Sensitivity testing   
* Lethal equivalents (LE)  LE = 0.0 – 12.0 
† Female reproduction  FR = 42 – 55% 





Table 8.2   The eight population viability models with associated scenarios. The table 
details the variations in scenario input parameters 
Model  Variable  Description 
1. Genetic management scenarios 
EEP dynamic MK   Dynamic MK  Individuals were paired according to mean kinship 
coefficients. The MK list was updated each time a 
new pairing was made 
EEP static MK  Static MK  Individuals were paired according to mean kinship 
coefficients. The MK list was not updated 
(remained static) as pairings were made 
EEP random   Random  Pairs were selected at random as long as the 
inbreeding coefficient of offspring was predicted to 
be below F=0.50 
       
2. Female reproduction scenarios 
EEP F 42%  42%  
EEP F 43%  43% 
EEP F 44%  44%  
EEP F 45%  45% 
EEP F 46%  46% 
EEP F 47%  47%  
EEP F 48%  48%  
EEP F 49%  49%  
EEP F 50%  50%  
EEP F 51%  51%  
EEP F 52%  52%  
EEP F 53%  53%  
EEP F 54%  54%  
EEP F 55%  55%  
The reproductive rate, described by the 
percentage of adult females breeding in the 
population ± the proportion of total variation 
attributable to environmental variation (7.87%), 
was increased from 42% to 55% in increments of 
1% per model 
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Table 8.2 continued       
Model  Variable  Description   
3. Lethal equivalent (inbreeding depression) scenarios 
EEP LE = 0.0  0.0 
EEP LE = 0.929  0.929 
EEP LE = 1.0  1.0 
EEP LE = 2.0  2.0 
EEP LE = 3.0  3.0 
EEP LE = 3.14  3.14 
EEP LE = 4.0  4.0 
EEP LE = 5.0  5.0 
EEP LE = 6.0  6.0 
EEP LE = 6.97  6.97 
EEP LE = 7.0  7.0 
EEP LE = 8.0  8.0 
EEP LE = 9.0  9.0 
EEP LE = 9.26  9.26 
EEP LE = 10.0  10.0 
EEP LE = 11.0  11.0 
EEP LE = 12.0  12.0 
The mean impact of inbreeding on juvenile 
survival, quantified by the number of lethal 
equivalents per diploid, was increased from LE=0 
to LE=12 in increments of 1.0 for each successive 
model. Four additional models were constructed 
for lethal equivalents of LE=0.929, LE=6.97, 
LE=3.14 and LE=9.26 representing the values 
calculated from EEP data before and after data 
transformation, and from Ralls et al. (1988) for 
mammals and scimitar-horned oryx, respectively   
     
4. Carrying capacity scenarios 
EEP K = 100  100 
EEP K = 200  200 
EEP K =300  300 
EEP K = 400  400 
EEP K = EEP  430 
EEP K = 500  500 
EEP K = 600  600 
EEP K = 700  700 
EEP K = 800  800 
EEP K = 900  900 
EEP K = 1000  1000 
EEP K = 1100  1100 
EEP K = 1200  1200 
The carrying capacity for the EEP was modelled 
as current capacity (K = EEP), and then from K = 
100 to K = 1500 in increments of 100 for 
successive models 
EEP K = 1300  1300   
EEP K = 1400  1400   
EEP K = 1500  1500   
     
5. EU and non-EU dispersal scenarios 
EU nonEU baseline  Matrix 
EU nonEU 0  0% 
EU nonEU 1  1% 
EU nonEU 2  2% 
EU nonEU 3  3% 
EU nonEU 4  4% 
EU nonEU 5  5% 
EU nonEU 6  6% 
EU nonEU 7  7% 
The impact of differing dispersal rates on the 
viability of the EEP population was modelled using 
the EU & non-EU model of population 
fragmentation. Annual dispersal rates ranged from 
0% to 10% and increased between models in 
increments of 1%. An additional model was 
constructed with historical dispersal rates (matrix) 
calculated from the international studbook 
EU nonEU 8  8%   
EU nonEU 9  9%   
EU nonEU 10  10%   
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Table 8.2 continued       
Model  Variable  Description   
6. EU, UK and non-EU dispersal scenarios 
EU UK nonEU baseline Matrix 
EU UK nonEU 0  0% 
EU UK nonEU 1  1% 
EU UK nonEU 2  2% 
EU UK nonEU 3  3% 
EU UK nonEU 4  4% 
EU UK nonEU 5  5% 
EU UK nonEU 6  6% 
EU UK nonEU 7  7% 
EU UK nonEU 8  8% 
EU UK nonEU 9  9% 
EU UK nonEU 10  10% 
The impact of differing dispersal rates on the 
viability of the EEP population was modelled using 
the EU, UK & non-EU model of population 
fragmentation. Annual dispersal rates ranged from 
0% to 10% and increased between models in 
increments of 1%. An additional model was 
constructed with historical dispersal rates (matrix) 
calculated from the international studbook 
       
7. Bluetongue dispersal scenarios 
BT Baseline  Matrix 
BT 0   0% 
BT 1  1% 
BT 2  2% 
BT 3  3% 
BT 4  4% 
BT 5  5% 
BT 6  6% 
BT 7  7% 
BT 8  8% 
BT 9  9% 
The impact of differing dispersal rates on the 
viability of the EEP population was modelled using 
the bluetongue model of population fragmentation. 
Annual dispersal rates ranged from 0% to 10% 
and increased between models in increments of 
1%. An additional model was constructed with 
historical dispersal rates (matrix) calculated from 
the international studbook 
B 10  10%   
       
8. Countries dispersal scenarios 
Countries baseline  Matrix 
Countries 0  0% 
Countries 1  1% 
Countries 2  2% 
Countries 3  3% 
Countries 4  4% 
Countries 5  5% 
Countries 6  6% 
Countries 7  7% 
Countries 8  8% 
Countries 9  9% 
Countries 10  10% 
The impact of differing dispersal rates on the 
viability of the EEP population was modelled using 
the countries model of population fragmentation. 
Annual dispersal rates ranged from 0% to 10% 
and increased between models in increments of 
1%. An additional model was constructed with 
historical dispersal rates (matrix) calculated from 









circumstances and euthanasia (unknown and cull) were removed, this increased to 9% of 
total mortalities, and when infections and injuries from predators were included this 
increased to 28%. However, it is possible that environmental conditions contributed to 





























Figure 8.3   Age-specific annual mortality rates males for male (8.1.1) and female (8.1.2) 
scimitar-horned oryx in the EEP as a percentage of total males and female 
for each age class. Age classes 3-4 years and >4 years are only applicable 
for males, and age class >3 years is only applicable for females, due to the 
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Table 8.9   Historical dispersal rates (as a percentage of the population) between the EU 
and non-EU sub-units in the EU non-EU fragmentation model 
    To 
    1  2 
    EU  non-EU 
1  EU  99.74  0.26 
2  non-EU  0  100 
 
 
Table 8.10   Historical dispersal rates (as a percentage of the population) between the 







Table 8.11   Historical dispersal rates (as a percentage of the population) between the 
five bluetongue sub-units in the bluetongue fragmentation model 
    To 
    1  2  3  4  5 
    BT EU 0  BT 8  BT 1 & 8  LRZ8  non-EU 
1  BT EU 0  99.26  0.26  0.11  0.37  0.00 
2  BT 8  2.11  95.16  1.84  0.68  0.21 
3  BT 1 & 8  0.26  0.63  99.06  0.05  0.00 
4  LRZ8  0.53  0.26  0.21  99.00  0.00 
5  non-EU  0.00  0.00  0.00  0.00  100.00 
 
Table 8.12  Historical dispersal rates (as a percentage of the population) between the 16 
country sub-units in the countries fragmentation model 
                To                 
    1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16 
    BE  CZ  DE  DK  ES  FR  GB  GR  HR  HU  IE  IL  IT  NL  PL  PT 
1  BE  99.11  0.05  0  0  0.05  0.21  0.16  0  0  0  0  0  0  0.05  0.32  0.05 
2  CZ  0.26  98.68  0.16  0  0.16  0.05  0  0  0.11  0.11  0  0  0  0  0.47  0 
3  DE  0.26  0.11  97.41 0.16  0.26  0.79  0.16  0.05  0.16  0  0  0  0.11 0.16  0.32  0.05 
4  DK  0.11  0  0  99.84 0.00  0.05  0  0  0  0  0  0  0  0  0  0 
5  ES  0.05  0  0  0  99.90  0.05  0  0  0  0  0  0  0  0  0  0 
6  FR  0.32  0.05  0.21  0.11  0.11  98.89  0.05  0  0  0  0  0  0.05 0.16  0  0.05 
7  GB  0.11  0  0.05  0  0  0.11  99.36  0  0  0  0.32  0  0  0.05  0  0 
8  GR  0  0  0  0  0  0  0  99.89  0  0  0  0  0.11 0  0  0 
9  HR  0  0  0  0  0  0  0  0  100  0  0  0  0  0  0  0 
10 HU  0  0  0  0  0  0  0  0  0  100  0  0  0  0  0  0 
11  IE  0  0  0  0  0  0.05  0.37  0  0  0  99.58  0  0  0  0  0 
12  IL  0  0  0  0  0  0  0  0  0  0  0  100  0  0  0  0 
13  IT  0  0  0  0  0  0  0  0  0  0  0  0  100  0  0  0 
14 NL  0.42  0  0.05  0  0  0.16  0.11  0.21  0  0  0.05  0  0  98.84  0.16  0 
15 PL  0  0  0  0.05  0  0  0  0  0  0.05  0  0  0  0.05 99.85  0 
16 PT  0  0  0  0  0.26  0    0  0  0  0  0  0  0  0  99.74 
 
      To   
    1  2  3 
    EU  UK  non-EU 
1  EU  98.90  0.84  0.26 
2  UK  0.63  99.37  0 
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Figure 8.18  The mean number of alleles and lethal alleles per diploid present in the 

















Figure 8.19  The mean stochastic and deterministic growth rates (r) of the population for 
the 12 EU, UK and non-EU dispersal scenarios 
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sustainable populations in Chapter Seven, and the evaluation of inbreeding depression in 
the scimitar-horned oryx in Chapter Eight. Furthermore, I recommend that captive 
population managers ensure pedigree data are at least 62.5% complete before making 
population management decisions based on inbreeding coefficients. 
Populations with less than 62.5% pedigree completeness need alternative population 
management strategies, and AZA, EAZA, and ZAA recommend that analytical studbooks 
are created with ‘best guesses’ to complete the pedigree. The analytical studbook forms the 
basis of population management in place of the true studbook (Willis 1993; Willis 2001; 
AZA 2004). Whilst this practice is widespread (AZA 2004), the validity of this approach 
had not been independently evaluated. Chapter Five quantitatively tested the accuracy of 
the scimitar-horned oryx analytical studbook and the assumptions that underpin it. This 
was the first time that molecular data had been used to evaluate both a true and analytical 
studbook for any species.         
The results revealed differences between molecular estimates of relatedness and the 
statistical estimates derived from the true and analytical studbooks until data completeness 
exceeded 87.5%. Once it did, concordance between the molecular data and the analytical 
studbook was evident, although tenuous. The results indicated that missing pedigree data 
had a substantial impact on the accuracy of relatedness values derived from studbooks, 
although the founder assumption and cryptic errors may have contributed as well. The 
conclusions supported the use of analytical studbooks, with their potentially incorrect 
assumptions, as a more appropriate strategy for population management than true 
studbooks when pedigree data were incomplete. As a consequence, the scimitar-horned 
oryx analytical studbook was used as the basis of population analysis in Chapters Six, 
Seven and Eight, and data from the Arabian oryx analytical studbook was used in place of 
data from the true studbook in Chapter Seven. I also recommend that population managers 
preferentially use analytical studbooks in population management; especially if more than 
87.5% of pedigree data are complete.  
The long-term retention of genetic diversity contributes towards population 
sustainability. Chapter Six examined the impact of different genetic and demographic 
variables on the retention of gene diversity in the scimitar-horned oryx EEP population. 
Whilst this is a well-studied discipline, deterministic predictions of variable parameter 
values had not previously been simulated for any captive population. The results 
demonstrated the importance of maximising effective population size, generation length, 
and reproductive success. As a consequence, I argue that captive management of the 242 244 
Appendix A continued       
Species  Common name  IUCN 
list 
Source  Reference 
AVES continued         
Penelope obscura bronzina  Dusky-legged guan  LC  Captive  1, 42 
Penelope superciliaris 
jacupemba 
Rusty-margined guan  LC  Captive  1, 42 
Colinus virginianus ridgwayi  Masked bobwhite  NT  Captive  1, 43 
Alectoris rufa  Red-legged partridge  LC  Captive  1, 44  
Crossoptilon mantchuricum  Brown-eared pheasant  VU  Captive/wild  1, 45  
Catreus wallichii  Cheer pheasant  VU  Unknown  1, 46  
Perdix perdix  Grey partridge  LC  Captive  1, 44, 47 
Tetrao tetrix  Black grouse  LC  Unknown  1, 48 
Tetrao urogallus  Capercaillie  LC  Captive  1, 49 
Tympanuchus cupido  Greater prairie chicken  VU  Wild  1, 50, 51 
Grus americana  Whopping crane  EN  Captive  1, 52, 53, 54 
Chlamydotis undulata  Houbara bustard  VU  Captive  1, 55 
Crex crex  Corncrakes  NT  Captive  1, 56, 30 
Dryolimnas aldabranus  Aldabra rail  -  Wild  1, 57  
Gallirallus australis greyi  North Island weka  VU  Captive  1, 58 
Acanthisitta chloris  Rifleman  LC  Wild  1, 59 
Philesturnus carunculatus 
carunculatus 
South Island saddleback  NT  Wild  1, 60 
Corvus corax  Raven  LC  Unknown  1, 61 
Corvus hawaiiensis  Hawaiian crow  EW  Captive  1, 62, 63 
Lichenostomus melanops 
cassidix 
Helmeted honeyeater  LC  Unknown  1, 64, 65 
Notiomystis cincta  Hihi  VU  Wild  1, 66 
Petroica australis  North Island robin  LC  Unknown  1, 67 
Foudia rubra  Mauritius fody  EN  Captive  1, 68 
Leucopsar rothschildi  Bali mynah  CR  Captive  1, 69 
Myadestes obscurus  ‘Oma’o  VU  Captive/wild  1, 70 
Picoides borealis  Red-cockaded woodpecker VU  Wild  1, 71, 72 
Ramphastos vitellinus ariel  Channel-billed toucan  LC  Captive  1, 73 
Puffinus gavia  Fluttering shearwaters  LC  Wild  1, 74 
Amazona barbadensis  Yellow-shouldered Amazon 
parrot 
VU  Captive  1, 75 
Ara macao  Scarlet macaw  LC  Captive  1, 76, 77 
Ara ararauna  Blue-gold macaw   LC  Wild  1, 78 
Neophema chrysogaster  Orange-bellied parrot  CR  Captive  1, 79 
Rhynchopsitta pachyrhyncha  Thick-billed parrot  EN  Unknown  1, 80 
Athene cunicularia  Burrowing owl  LC  Captive  1, 81, 82 
Bubo bubo  Eagle owl  LC  Captive  1, 83 
Strix uralensis  Ural owl  LC  Unknown  1, 84 
Tyto capensis  African grass owl  LC  Captive  1, 85 
         
BIVALVIA         
Argopecten irradians  Bay scallops  -  Unknown  1, 86 
         
BRANCHIOPODA         
Daphnia longispinia  Zooplankton  -  Wild  1, 87 
         
GASTROPODA         
Patella ferruginea  Limpit  -  Wild  1, 88 
Cittarium pica  West Indian topshell  -  Unknown  1, 89 
Io fluvialis  Spiny riversnail  EN  Wild  1, 90 
Placostylus spp.  Placostylus land snails  VU   Wild  1, 91 
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Appendix A continued       
Species  Common name  IUCN 
list 
Source  Reference 
INSECTA         
Maculinea nausithous  Dusky large blue butterfly  NT  Wild  1, 92 
Maculinea teleius  Large blue butterfly  NT  Wild  1, 92 
Parnassius apollo  Swallowtail butterfly  VU  Captive  1, 93 
Pseudophilotes baton 
schiffermuelleri 
Baton blue butterfly  -  Wild  1, 94 
Decticus verrucivorus  Warbiter cricket  -  Captive  1, 95 
Deinacrida mahoenui  Mahoenui giant weta  -  Wild  1, 91 
Ischnura gemina  San Francisco Forktail  VU  Wild  1, 96 
Cicindela formosa generosa   Tiger beetle  -  Unknown  1, 97 
Nicrophorus americanus  American burying beetle  CR  Captive/wild  1, 98, 99 
Agasicles hygrophila  Alligatorweed flea beetle  -  Unknown  1, 100 
         
MALACOSTRACA         
Astacus astacus  Noble Crayfish  VU   Wild  1, 101, 102 
Austropotamobius pallipes  White-clawed crayfish  VU   Captive  1, 103 
         
MAMMALIA         
Bison bison athabascae  Wood bison  NT  Unknown  1, 104 
Bison bonasus  European  bison  VU  Captive  1, 105, 106 
Capra ibex  Alpine ibex  LC  Unknown  1, 107, 108, 109 
Gazella dama  Dama gazelle  CR  Captive  1, 110  
Gazella dama mhorr  Mhorr gazelle  CR  Captive  1, 111  
Gazella gazella  Mountain gazelle   VU   Captive  1, 112, 113 
Gazella subgutturosa 
marica 
Arabian gazelle  VU   Captive  1, 114  
Oryx dammah  Scimitar-horned oryx  EW  Captive  1, 115  
Oryx leucoryx  Arabian oryx  EN  Captive  1, 116, 117, 118 
Ovis Canadensis  Penninsula bighorn sheep  LC  Captive  1, 119 
Rupicapra rupicapra  Chamois  LC  Wild  1, 120 
Blastocerus dichotomus  Marsh deer  VU  Unknown  1, 121 
Capreolus capreolus  Roe deer  LC  Wild  1, 122 
Cervus elaphus  Elk  LC  Wild  1, 123, 124  
Cervus elaphus corsicanus  Corsican red deer  LC  Captive  1, 125  
Cervus elaphus nannods  Tale elk  LC  Unknown  1, 126 
Elaphurus davidianus  Pere David’s deer  EW  Captive  1, 127  
Rangifer tarandus  Caribou  LC  Unknown  1, 128  
Sus scrofa  Wild boar  LC  Wild  1, 129   
Canis lupus baileyi  Mexican wolf  LC  Captive  1,  130   
Canis lupus  Grey wolf  LC  Wild  1, 131, 132  
Canis rufus  Red wolf  CR  Captive  1, 130, 133, 134 
Lycaon pictus  African wild dog  EN  Captive  1, 135, 136   
Vulpes velox  Swift fox  LC  Captive/wild  1, 137, 138, 139 
Acinonyx jubatus  Cheetah  VU  Unknown  1, 135 
Felis silvestris silvestris  European wildcat  LC  Unknown  1, 140 
Lynx canadensis   Lynx  LC  Wild  1, 141 
Lynx lynx  Eurasian Lynx  LC  Captive  1, 142, 143, 144 
Lynx rufus  Bobcat  LC  Unknown  1, 145 
Panthera leo  Lion  VU  Wild  1, 135 
Panthera pardus   Leopard  NT  Wild   1, 135, 146  
Crocuta crocuta  Spotted hyaena  LC  Wild  1, 135 
Lontra canadensis  River otter  LC  Wild  1, 147, 148, 149 
Lutra lutra  Eurasian otter  NT  Wild  1, 150, 151, 152 
Martes americana  American marten  LC  Wild  1, 153, 154 
Martes pennanti  Fisher  LC  Wild  1, 155 
Meles meles  Eurasian badger  LC  Wild  1, 156 
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Species  Common name  IUCN 
list 
Source  Reference 
MAMMALIA continued         
Mustela nigripes  Black-footed ferret  EN  Captive  1, 157, 158, 159 
Mustela putorius  Scottish polecat  LC  Captive  160 
Monachus monachus  Monk seal  CR  Unknown  161 
Ursus americanus  Black bear  LC  Unknown  1, 162, 163 
Ursus arctos  Brown bear  LC  Wild  1, 164, 165 
Phascogale tapoatafa  Brush-tailed phascogale  NT  Unknown  1, 166 
Myrmecobius fasciatus  Numbat  EN  Unknown  1, 167  
Lagostrophus fasciatus  Hare-wallaby  EN  Captive  1, 168, 169 
Lagorchestes hirsutus  Rufous hare-wallaby  VU  Unknown  1, 170, 171 
Onychogalea fraenata  Bridled nailtail wallaby  EN  Unknown  1, 172 
Petrogale xanthopus  Yellow-footed rock wallaby  NT  Captive  1, 173 
Trichosurus vulpecula  Brushtail possum  LC  Wild  1, 174 
Phascolarctos cinereus  Koala  LC  Captive  1, 175, 176 
Bettongia lesueur  Burrowing bettong  NT  Wild  1, 177 
Bettongia penicillata  Brush-tailed bettong  CR  Unknown  1, 178 
Oryctolagus cuniculus  Wild rabbit  NT  Unknown  1,179 
Sylvilagus palustris hefneri  Lower keys marsh rabbit  LC  Wild  1, 180 
Ornithorhynchus anatinus  Platypus  LC  Unknown  1, 181, 182 
Tachyglossus aculeatus 
multiaculeatus 
Short-beaked echidna  LC  Wild  1, 183 
Perameles bougainville  Western barred bandicoot  EN  Wild  1, 184 
Perameles gunnii  Eastern barred bandicoot  NT  Unknown  1, 185, 186 
Macrotis lagotis  Greater bilby  VU  Unknown  1, 187, 188 
Equus ferus przewalskii  Takhi  CR  Captive  1, 189, 190 
Equus hemionus  Asiatic wild ass  EN  Unknown  1, 191 
Ceratotherium simum simum  White rhino  NT  Captive  1, 192, 193 
Diceros bicornis  Black rhino  CR  Unknown  1, 194, 195 
Alouatta caraya  Black howler monkey  LC  Wild  1, 196 
Ateles geoffroyi  Spider monkey  EN  Captive  1, 197 
Leontopithecus chrysopygus  Black lion tamarins  EN  Captive/wild  1, 198 
Leontopithecus rosalia   Golden lion tamarins  EN  Captive  1, 199, 200, 201 
Pan troglodytes  Chimpanzees  EN  Captive  1, 202, 203  
Pongo pygmaeus  Bornean orangutan  EN  Unknown  1, 203 
Hylobates agilis albibarbis  Agile gibbons  EN  Captive  1, 204 
Varecia variegata variegata  Black & white ruffed lemur  CR  Captive  1, 205 
Castor fiber  European beaver  LC  Wild  1, 206, 207, 208 
Arvicola terrestris  Water vole  LC  Captive  1, 209 
Microtus rossiaemeridionalis  Russian common vole  LC  Captive  1, 210 
Neotoma magister  Allegheny woodrats  NT  Unknown  1, 211, 212 
Glis glis  Edible dormouse  LC  Wild  1, 213 
Cynomys gunnisoni  Gunnison’s prairie dog  LC  Unknown  1, 214 
Sciurus vulgaris  Red squirrel  LC  Wild  1, 215 
         
MAXILLOPODA         
Cyclops abyssorum  Zooplankton  -  Wild  1, 87 
         
REPTILIA         
Melanosuchus niger  Black caiman  NT  Unknown  1, 216  
Crocodylus palustris  Mugger crocodile  VU  Unknown  1, 217 
Leiolopisma acrinasum  Fiordland skink  -  Wild  1, 218 
Geochelone nigra hoodensis  Giant tortoises  VU  Captive  1, 219  
Testudo hermanni  Hermann’s tortoise  NT  Unknown  1, 220, 221 
Testudo hermanni hermanni  Mediterranean tortoises  EN  Unknown  1, 222 
Emys orbicularis  European pond turtle  NT  Wild  1, 223 
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Species  Common name  IUCN 
list 
Source  Reference 
PLANTAE         
BRYOPHYTA         
Scorpidium scorpioides  Scorpidium moss  -  Wild  1, 224 
Sphagnum angustifolium  Sphagnum  -  Unknown  1, 225  
Sphagnum capillifolium  Sphagnum  -  Unknown  1, 225 
Sphagnum fuscum  Sphagnum  -  Unknown  1, 225 
Sphagnum magellanicum  Magellan’s sphagnum  -  Unknown  1, 225 
Sphagnum papillosum  Papillose sphagnum  -  Unknown  1, 225 
         
FILICOPSIDA         
Woodsia ilvensis  Wood fern  -  Unknown  1, 226 
Osmunda regalis  Fern  -  Captive  1, 227 
       
LILIOPSIDA         
Gladiolus imbricatus  Gladiolus  -  Unknown  1, 228 
Bulbophyllum 
membranaceum 
Orchid  -  Captive  1, 229  
Bulbophyllum vaginatum  Orchid  -  Captive  1, 229  
Grammatophyllum 
speciosum 
Giant orchid  -  Captive  1, 229  
Habenaria radiata  White egret orchid  -  Captive  1, 230 
Ipsea malabarica  Orchid  -  Captive  1, 231 
Spiranthes brevilabris  Short-lipped ladies’-tresses -  Captive  1, 232 
Scirpus spp.  Tule  -  Unknown  1, 233  
Helonias bullata  Swamp pink  -  Unknown  1, 234 
Aristida beyrichlana  Wiregrass  -  Unknown  1, 235 
Hubbardia heptaneuron  Hubbardia bor  -  Unknown  1, 236 
Nassella pulchra  Bunchgrass  -  Unknown  1, 237 
Zea mays  ‘Chococito’ maize race  -  Unknown  1, 238 
Zizania texana  Texas wildrice  -  Wild  1, 239 
         
MAGNOLIOPSIDA         
Argyroxiphium sandwicense  Mauna kea silversword  VU  Unknown  1, 240 
Cirsium dissectum  Meadow thistle  -  Wild  1, 241 
Cirsium pitcheri  Pitcher’s thistle  -  Captive  1, 242  
Echinacea laevigata  Echinacea  -  Unknown  1, 243  
Pseudophoenix sargentii  Buccaneer palm  -  Unknown  1, 244  
Senecio hadrosomus  Senecio  -  Captive  1, 245 
Tetraneuris herbacea  Lakeside daisy  -  Unknown  1, 246 
Warea amplexifolia  Florida sandhill  -  Unknown  1, 247 
Pediocactus knowltonii  Knowlton’s cactus  -  Unknown  1, 248 
Silene douglasii var. oraria  Silene  -  Wild  1, 249 
Abronia umbellate spp.  Pink sand verbena  -  Unknown  1, 250 
Succisa pratensis  Devil’s-bit scabious  -  Wild  1, 241 
Castanea dentate  American chestnut  -  Unknown  1, 251 
Nepeta rtanjensis  Nepeta  -  Captive  1, 252 
Hibiscus dasycalyx  Neche River rose mallow  -  Unknown  1, 253 
Purshia subintegra  Purshia  -  Captive  1, 254 
Syzygium travancoricum   Syzygium  CR  Captive  1, 255 
Agalinis acuta  Sandplain false foxglove  -  Unknown  1, 256 
Castilleja fasciatus  Golden paintbrush  -  Unknown  1, 257 
Cordylanthus maritimus  Salt marsh bird’s beak  -  Wild  1, 258 
Schwalbea americana  American chaffseed  -  Captive  1, 259  
1: IUCN, 2009(Nielsen et al. 2007); 2: Bezold & Peterson, 2008; 3: Drauch & Rhodes, 2007; 4: Mueller 
& Wydoski, 2004; 5: Engelbrecht & Roux, 1998; 6: Shute et al., 2005; 7: Mittelbach et al., 1995; 8: 
Bouchard, 2003; 9: Pearsons & Temple, 2007; 10: Hebdon et al., 2004; 11: Narum et al., 2007; 12: 
Moravec, 2003;  13: Saura et al., 1990; 14: Bagliniere et al., 1990; 15: Keller et al., 1990; 16: Zvirgzds 248 
et al., 1995; 17: Daly et al., 2008; 18: Stockwell et al., 2008; 19: von Essen, 1996; 20: von Essen, 1991; 
21: Black, 1998; 22: Black et al., 1997; 23: Lumsden & Drever, 2002; 24: van Heezik et al., 2005; 25: 
Olsson & Rogers, 2009; 26: Yaacob, 1994; 27: Schaub et al., 2009; 28: Mihoub et al., 2009; 29: Love & 
Ball, 1979; 30: Carter & Newbery, 2004; 31: Carter et al., 1999; 32: Terrasse, 1990; 33: Dennis & Dixon, 
2001; 34: Martell, 1995; 35: Meretsky et al., 2001; 36: Lieberman et al., 1993; 37: Anon, 2006; 38: 
Jacobsen et al., 2008; 39: Kirmse, 2001; 40: Holroyd & Banasch, 1990; 41: Fournier & Janik, 2008; 42: 
Pereira & Wajntal, 1999; 43: Carpenter et al., 1991; 44: Meriggi et al., 2007; 45: Zhang et al., 2004; 46: 
Garson et al., 1992; 47: Parish & Sotherton, 2007; 48: Dobler & Siedle, 1993;  49: Spittler, 1994; 50: 
Hoffman & Beauprez, 1997; 51:  Hoffman et al., 1992; 52: Hartup et al., 2005; 53: Kreger et al., 2003; 
54: Ellis et al., 1992; 55: Judas, 2000; 56: Mudenda et al. 2008; 57: Wanless et al., 2002; 58: Graeme & 
Graeme, 1995; 59: Leech et al., 2007; 60: Pierre, 1999; 61: Koch et al., 1986; 62: Valutis & Marzluff, 
1999; 63: Kuehler at al., 1995; 64: Pearce & Lindenmayer, 1998; 65: McCarthy, 1995; 66: Castro et al., 
1995; 67: Lewis et al., 2009; 68: Cristinacce et al., 2008; 69: Collins et al., 1998; 70: Fancy et al., 2001; 
71: Carrie et al., 1999; 72: Rudolph et al., 1992; 73: Coimbra Filho, 2000; 74: Bell, 1995; 75: Sanz & 
Grajal, 1998; 76: Brightsmith et al., 2005; 77: Nader et al., 1999; 78: Plair et al., 2001; 79: Brown et al., 
1995; 80: Koschmann, 1995; 81: Leupin & Low, 2001; 82: Martell et al., 2001; 83: Foerstel, 1990; 84: 
Stuerzer, 1999; 85: Brown et al., 2007; 86: Tarnowski & Homer, 2008; 87: Kohout & Fott, 2006; 88: 
Espinosa et al., 2008; 89: Coates et al., 2003; 90: Ahlstedt, 1991; 91: Sherley, 1995; 92: Wynhoff, 1998; 
93: Witkowski et al., 1997; 94: Marttila et al., 1997; 95: Cunningham et al., 1997; 96: Hannon & 
Hafernik, 2007; 97: Brust, 2002; 98: Kozol et al., 1996; 99: Wetzel, 1996; 100: Buckingham et al., 1983; 
101: Sint & Fureder, 2004; 102: Taugbol, 2004; 103: Rogers & Watson, 2007; 104: Larter et al., 2000; 
105: Belousova et al., 2005; 106: Olech & Perzanowski, 2002; 107: Gauthier & Villaret, 1990; 108: 
Wiersema, 1990; 109: Grodinsky & Stuwe, 1987; 110: Cano et al., 1993; 111: Wiesner & Muller, 1998; 
112: Dunham, 2001; 113: Dunham et al., 1993; 114: Haque & Smith, 1996; 115: Gordon & Gill, 1993; 
116: Harding et al., 2007; 117: Spalton et al., 1999; 118: Spalton, 1993; 119: Ostermann et al., 2001; 
120: Frkovic, 2008; 121: Figueira et al., 2005; 122: Calenge et al., 2005; 123: Hicks et al., 2007; 124: 
Witmer, 1990; 125: Kidjo et al., 2007; 126: Johnson & Cushman, 2007; 127: Jiang et al., 2000; 128: 
Collins et al., 2003; 129: Vernesi et al., 2003; 130: Hedrick & Fredrickson, 2008; 131: Carroll et al., 
2003; 132: Fritts et al., 1997; 133: Phillips et al., 1995; 134: Moore, 1990; 135: Hayward et al., 2007b; 
136: Woodroffe & Ginsberg, 1999; 137: Bremner-Harrison et al., 2004; 138: Smeeton & Weagle, 2000; 
139: Carbyn et al., 1994; 140: Buettner & Worel, 1990; 141: Steury & Murray, 2004; 142: Vandel et al., 
2006; 143: Boer et al., 2000; 144: Scott et al., 1999; 145: Warren et al., 1990; 146: Hayward et al., 
2007; 147: Raesly, 2001; 148: Serfass et al., 1999; 149: Serfass et al., 1993; 150: van’t Hof & van 
Langevelde, 2004; 151: Fernandez-Moran et al., 2002; 152: Weber et al., 1991; 153: Swanson & Kyle, 
2007; 154: Swanson et al., 2006; 155: Aubry & Lewis, 2003; 156: Balestrieri et al., 2006; 157: Wisely et 
al., 2008; 158: Miller et al., 1998; 159: Russell et al., 1994; 160: Solow et al., 2006; 161: Marchessaux, 
1990; 162: Smith et al., 1991; 163: Alt & Beecham, 1984; 164: Dupre et al., 2000; 165: Arquilliere, 1998; 
166:  Soderquist, 1995; 167: Friend & Thomas, 1995; 168: Hardman & Moro, 2006a; 169: Hardman & 
Moro, 2006; 170: Gibson et al., 1995; 171: McLean et al., 1995; 172: McCallum, 1995; 173: Lapidge, 
2005; 174: Pietsch, 1995; 175: Norton, 1995; 176: Ellis et al., 1990; 177: Short & Turner, 2000; 178: 
Pizzuto et al., 2007; 179: Letty et al., 1998; 180: Faulhaber et al., 2006; 181: Souter & Williams, 2001; 
182: Carey & Smallridge, 1998; 183: Rismiller & McKelvey, 1995; 184: Richards & Short, 2003; 
185: Backhouse et al., 1995; 186: Dufty et al., 1995; 187: Moseby & O’Donnell, 2003; 188: Southgate & 
Possingham,1995; 189: Stauffer, 2005; 190: Boyd, 1998; 191: Rowen & Saltz, 1996; 192: Boer et al., 
1999a; 193: Boer et al., 1999b; 194: van der Westhuizen, 2003; 195: Vande Weghe, 1998; 196: 
Lindbergh, 1987; 197: McKinney & Schutt, 2005; 198: Valladares-Padua et al., 2000; 199: Beck, 1998; 
200: Castro et al., 1998; 201: Bush et al., 1996; 202: Ancrenaz et al., 2001; 203: Grundmann & Didier, 
2000; 204: Cheyne, 2006; 205: Wyner et al., 1999; 206: Jacob, 2003; 207: Zurowski & Kasperczyk, 
1990; 208: Zurowski, 1979; 209: Moorhouse et al., 2009; 210: Banks et al., 2002; 211: Serfass, 2008; 
212: Schlie & Bookhout, 1985; 213: Jurczyszyn, 2006; 214: Davidson et al., 1999; 215: Fornasari et al, 
1997; 216: Pacheco et al., 1991; 217: Jayson et al., 2006; 218: Thomas & Whitaker, 1995; 219: Gibbs 
et al., 2008; 220: Bertolero et al., 2007; 221: Servan & Dupre, 2003; 222: Devaux, 1990; 223: Miquet & 
Cadi, 2002; 224: Kooijman et al., 1994; 225: Rochefort & Bastien, 1998; 226: McHaffie, 2006; 227: 
Zenkteler, 2002; 228: Jogar & Moora, 2008; 229: Yam & Thame, 2005; 230: Takahashi et al., 2008; 
231: Martin, 2003; 232: Stewart et al. 2003; 233: Johnson & Cushman, 2004; 234: Dodds & Hartman, 
1995; 235: Coffey et al., 2002; 236: Yadav et al., 2009; 237: Buisson et al., 2008; 238: Reyes et al., 
2000; 239: Power, 1996; 240: Friar et al., 2000; 241: Smulders et al., 2000; 242: Bowles et al., 1993; 
243: Alley & Affolter, 2004; 244: Lippincott, 1995; 245: Ortega & Gonzalez, 1990; 246: McClain & 
Ebinger, 2008; 247: Black et al., 2001; 248: Cully, 1996; 249: Kephart, 2004; 250: Kaye, 1995; 251: 
Pierson et al., 2007; 252: Misic et al., 2005; 253: Smith & Creech, 1995; 254: Maschinski et al., 2004; 
255: Anand et al., 2004; 256: Dunwiddie et al., 1996; 257: Lawrence & Kaye, 2006; 258: Helenurm & 
Parsons, 1997; 259: Obee, 1997. 
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Mnemonic  Institution  Country  Chapter 
DEBRECEN  Nagyerdei Kult-rpark KHT  Hungary  6, 7, 8 
DELFTS  Wolfgang Delfts  Namibia  4, 6 
DGHOUMES  Dghoumes National Park  Tunisia  6 
DIAMOND K  Diamond K Ranch  USA  4 
DICKERSON  Dickerson Park Zoo                        USA  4 
DOSWELL  Paramount's Kings Dominion                USA  4 
DUBBO  Western Plains Zoo                        Australia  5 
DUBLIN  Zoological Society of Ireland-Dublin  Ireland  6, 7, 8 
DVURKRALV  Zoo Dvur Kralove  Czech Republic  4, 6 
EDINBURGH  Edinburgh Zoo  UK  5, 6 
ELCHE SAF  Rio Safari Elche  Spain  6 
ENGLAND  England  UK  6 
ESTEPONA  Parque de la Naturaleza Selwo   Spain  4, 5, 6, 7, 8 
FASANO  Zoosafari  Italy  6 
FERNDALE  International Animal Exchange Inc  USA  6 
FOTA  Fota Wildlife Park  Ireland  6, 7, 8 
FREJUS  Parc Zoologique de Frejus  France  4, 6 
FRIGUIA  STB Kanta – Friguia Zoo  Tunisia  6 
FUENGIROL  Zoo de Fuengirola   Spain  6 
GDANSK  Miejski Ogrod Zoologiczny Wybrzeza  Poland  6, 7, 8 
GELSNKRKN  Zoom Erlebniswelt Gelsenkirchen  Germany  6 
GENK  Limburgse Zoo  Belgium  6 
GETTORF  Tierpark Gettorf  Germany  4, 6 
GHAMADAN  Ghamadan Zoo  Jordan  6 
GRAMMONT  Tierhandlung Peeters  Belgium  6 
GUERNO  Parc Zoologique de Chateau de Branfere  France  4, 6, 7, 8 
HAI BAR  Hai Bar Yotvata Nature reserve  Israel  6 
HAI KEF Z  Hai Kef Zoo  Israel  6 
HANNOVER  Zoo Hannover  Germany  6 
HILVARENB  Safaripark Beekse Bergen  Netherlands  6 
HITACHI  Hitachi City Kamine Zoological Park       Japan  4 
HODENHAGN  Serengeti Safaripark Hodenhagen  Germany  4, 6 
HODONIN Z  Zoologicka Zahrada Hodonin  Czech Republic  6 
HOHENSTAD  Walter Sensen                             Germany  4 
HOLIDAY  Earl Tatum  USA  6 
ISRAEL  Israel  Israel  6 
JACKSONVL  Jacksonville Zoo and Gardens              USA  4 
JERUSALEM  The Tisch Family Zoological Gardens  Israel  5, 6, 7, 8 
KARLSRUHE  Zoologischer Garten Karlsruhe  Germany  4, 5, 6, 7, 8 
KATOWICE  Silesian Zoological Garden  Poland  4, 6, 7, 8  
KNOWSLEY  Knowsley Safari Park  UK  6, 7, 8 
KREFELD  Zoo Krefeld  Germany  6, 7, 8 
KRECHTING  Tierpark Krechting  Germany  4, 6 
KVIV ZOO  Kyiv Zoological Park  Ukraine  4, 6 
L RUHE  Louis Ruhe  Germany  4, 6 
LA LAJITA  La Lajita Oasis Park   Spain  4, 6 
LA PALMYR  Zoo de la Palmyre   France  4, 5, 6, 7 
LABENNE  Oceafaunia Parc de Labenne  France  6 
LCS DOS  Lion Country Safari  USA  4 
LE PAL  Le Pal, Parc Animalier  France  4, 5, 6, 7, 8 
LE VIGEN  Parc Paysager et Animalier du Reynou  France  6 
LEIPZIG  Zoologischer Garten Leipzig  Germany  4, 5, 6, 7, 8 
LENAERTS  Anvoy Belgie   Belgium  6 
LISBON  Jardim Zoologico Lisboa  Portugal  4, 5, 6, 7, 8 
LISIEUX Z  Centre d’Etude Rech Zool Augeron  France  4, 6, 7, 8 
LITTLEROC  Little Rock Zoological Gardens            USA  4 
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Mnemonic  Institution  Country  Chapter 
LODZ  Miejski Ogrod Zoologiczny w Lodz  Poland  5, 6, 7, 8 
LONDON RP  Zoological Society of London  UK  6 
LONGLEAT  Longleat Safari Park  UK  4, 5, 6, 7, 8 
LOSANGELE  Los Angeles Zoo and Botanical Gardens  USA  6 
MADRID Z  Zoo Aquarium de Madrid  Spain  5, 6 
MALLORCA  Auto Safari Reserva Africana  Spain  6 
MALTON  Flamingo Land Ltd  UK  5, 6, 7, 8 
MANCHESTR  Belle Vue Zoopark  UK  6 
MANOR HS  Manor House Wildlife Park  UK  5, 6, 7, 8 
MARWELL  Marwell Wildlife  UK  4, 5, 6, 7, 8 
MCALPINE  The Hon. Sir William McAlpine  UK  6 
MCCOMBS  Red McCombs Ranch                         USA  4 
MCLEAN  McLean Ranches                            USA  4 
MEMPHIS  Memphis Zoological Garden & Aquarium      USA  4 
MENACHEM  Kfar Menachem Zoo  Israel  6 
MONROE  Louisiana Purchase Gardens & Zoo          USA  4 
MONTPELLI  Parc de Lunaret  France  5, 6, 7, 8 
MOROCCO  Morocco  Morocco  6 
MOULIN  Parc Zool de Moulin de Richard  France  6 
MT CARMEL  Hai Bar Carmel  Israel  6 
MT ULLA  Lazy 5 Ranch   USA  6 
MUNSTER  Westfalischer Zoologischer Gtn Munster  Germany  6 
NAT BRIDG  Natural Bridge Zoological Park            USA  4 
NELSON S  Circle Bar Ranch   USA  4 
NISHIMURO  Nanki Shirahama Adventure World  Japan  4 
NZP-CRC      NZP-Conservation & Research Center  USA  4 
NZP-WASH     Smithsonian National Zoological Park            USA  4 
OBTERRE  Parc de la Haute Touche  France  4, 6, 7, 8 
ODAN  Odejewski ‘Odan’  Poland  6 
OMAHA  Omaha's Henry Doorly Zoo                  USA  4 
OPOLE  Ogrod Zoologiczny w Opolu  Poland  4, 6, 7, 8 
OSIJEK  Osijek Zoo  Croatia  6 
OUED DEK  Oued Dekouk Nature Reserve  Tunisia  5, 6 
PABICH D  Dariusz Pabich  Poland  6 
PAPHOS BP  Pafos Bird Park  Cyprus  6 
PARIS ZOO  Parc Zoologique de Paris MNHN  France  4, 6 
PASQUALE  Martino Pasquale  Italy  4, 6 
PEGASO R     Rancho Pegaso                             USA  4 
PELISSANE  Parc Zoologique de la Barben  France  6, 7, 8 
PENROSE   Animal World   USA  4 
PESSAC  Parco Zool. De Bordeaux Pessac  France  4, 6 
PLAISANCE  African Safari  France  4, 6, 7, 8 
PLANCKNDL  Wild Animal Park Mechelen Planckendael  Belgium  6, 7, 8 
PLOCK  Miejski Ogrod Zoologiczny Plock  Poland  6, 7, 8 
PLZEN  Zoological and Botanical Garden Plzen  Czech Republic  6, 7 
POMBIA  Pombia Safari Park  Italy  4, 6 
POOLE Q  Livestock Quarantine Services  UK  6 
PRAHA  Zoological Garden Prague  Czech Republic  4, 5, 6, 7, 8 
PRETORIA  National Zoological Gardens of South Africa  South Africa  5 
PRIVATE  Private collection  Unknown  6 
PT ST PER  Planete Sauvage  France  4, 6, 7, 8 
PUBLIC  General public  Unknown   4, 6 
PUNTAVERD  Parco Zoo Punta Verde  Italy  6, 7 
QALQILYAH  Qalqilyah Zoo  Israel  6 
QUADROS  Quadros Photographic Safari Park  Portugal  6 
RABAT  Parc Zoologique Natl. de Rabat  Morocco  4, 6 
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RAMAT GAN  Zoological Center Tel Aviv   Israel  6, 7, 8 
SAN ANTON  San Antonio Zoo & Aquarium  USA  6 
SANDIEGOZ  San Diego Zoo  USA  6 
SCOTTSBLU  Riverside Zoo  USA  4 
SD-WAP  San Diego Wild Animal Park  USA  6 
SELLES  Chateau de Selles  France  4, 6 
SENEGAL  Senegal  Senegal  6 
SEVILL RN  La Reserva Natural Castillo de las Guarda   Spain  6 
SEVILLE  Seville  Spain  6 
SIDI TOUI  Sidi Toui National Park  Tunisia  5, 6 
SINAI  Sinai  Egypt  6 
SLAUGHTER  Southern Exposure Wildlife Park  USA  6 
SOEST  G Frans Van den Brink  Netherlands  4, 6 
SOFIAZOO  Sofia Zoological Gardens  Bulgaria  6 
SOUS MASS  Souss Massa National Park  Morocco  4, 6 
TABERNAS  Oasys Parque del Desiertode Tabernas   Spain  6 
TIPP STAT  Tipperary Sanctuary for Endangered Wildlife       Australia  5 
TOKYOTAMA  Tama Zoological Park           Japan  4 
TURIN  Giardino Zoologico Della Citta Di Tori  Italy  6 
UNKNOWN  Unknown location  Unknown  6 
VALBREMBO  Parco Faunistico Le Cornelle  Italy  4, 5, 6, 7, 8 
VALCORBA  Parco Faunistico Valcorba  Italy  5, 6 
VESZPREM  Kittenberger Zoo  Hungary  5, 6, 7, 8 
WALVISBAY  Walvis Bay Quarantine Station  Namibia  6 
WARSAW  Miejski Ogrod Zoologiczny Warsaw  Poland  4, 5, 6, 7, 8 
WEAVER O  Owen Weaver                               USA  4 
WHIPSNADE  Whipsnade Wild Animal Park  UK  5, 6, 7, 8 
WILD WRLD  Wildlife World Zoo  USA  6 
WILDS  The Wilds                                 USA  4 
WOBURNLTD  Woburn Safari Park  UK  5, 6, 7, 8 
WROCLAW  Miejski Ogrod Zoologiczny we Wroclawiu  Poland  4, 6, 7, 8 
ZAGREB  Zooloski vrt Zagreb  Croatia  5, 6, 7, 8 
ZEEHANDLR  Eric Zeehandelaar  USA  4, 6 
ZOO KOKI  Zoo Koki  Spain  6 
ZOOANIMAL  John Rens Zoo Animal Brokers  Netherlands  6 
ZOOKOSICE  Zoologicka Zahrada Kosice  Slovakia  6 
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Common name  Species  Reference 
MAMMALIA continued     
Flying fox  Pteropus ssp.  1, 38 
Rodrigues fruit bat  Pteropus rodricensis  1, 39 
Parma wallaby  Macropus parma  1, 40  
Tammar Wallaby,  Macropus eugenii  1, 41 
European  wild rabbit  Oryctolagus cuniculus  1, 42  
Persian wild ass  Equus hemionus onager  1, 43 
Baird's Tapir  Tapirus bairdii  1, 44 
Western Barred Bandicoot  Perameles bougainville  1, 45 
Greater Bilby  Macrotis lagotis  1, 46 
Goeldi’s monkey  Callimico goeldii  1, 47 
Common marmoset  Callithrix jacchus  1, 48 
Bolivian squirrel monkey  Saimiri boliviensis  1, 49 
Common squirrel monkey  Saimiri sciureus collinsi  1, 49 
Guianan Squirrel Monkey  Saimiri sciureus sciureus  1, 49  
Rhesus macaques  Macaca mulatta  1, 50, 51 
Mongoose Lemur  Eulemur mongoz  1, 52 
Common Hamster  Cricetus cricetus  1, 53 
Golden Hamster  Mesocricetus auratus  1, 54 
Idaho Ground Squirrel  Spermophilus brunneus  1, 55 
     
REPTILIA     
Galapagos land Iguana  Conolophus subcristatus  1, 56 
San Esteban chuckwalla  Sauromalus varius  1, 57 
European pond turtle  Emys orbicularis  1, 58 
Galapagos giant tortoise  Chelonoidis nigra  1, 59, 60 
Seychelles giant tortoise    1, 61 
1: IUCN 2009;  2: Henderson et al. 2004; 3:  Saillant et al. 2005; 4: Yue et al. 2004; 5: Fiumera et 
al. 1999; 6: Zhu et al. 2005; 7: Sekino et al. 2004; 8: Blonk et al. 2009; 9: Silverstein et al. 2004; 
10: Herbinger et al. 2006 ; 11: Karlsson et al. 2010; 12: Campos et al. 2006; 13: Jones & Avise 
2001; 14: Bulut et al. 2009; 15: Munoz-Fuentes et al. 2008; 16: Gautschi et al. 2003a; 17: Alcaide 
et al. 2010; 18: Jacobsen et al. 2008; 19: Baratti et al. 2005; 20: Barilani et al. 2005; 21: Hale et al. 
2004; 22: Suarez et al. 2009; 23: Temple et al. 2009; 24: Isaksson & Tegelstrom 2002; 25: Jerry et 
al. 2004; 26: Luvesuto et al. 2007; 27: Ruiz-Lopez et al. 2009; 28: Thevenon et al. 2003; 29: Ni et 
al. 2009; 30: Anderson et al. 2002; 31: Ramirez et al. 2006; 32: Vogler et al. 2009; 33: Harley et al. 
2000; 34: Xu et al. 2007; 35: Michaux et al. 2005; 36:  Wisely et al. 2003; 37: Belliveau et al., 
1999; 38: Comeaux & McCracken 1996; 39: O’Brien et al. 2007; 40: Ivy et al. 2009; 41: Hynes et 
al. 2005; 42: Surridge et al. 1999; 43: Nielsen et al. 2007; 44: Norton & Ashley 2004; 45: Smith & 
Hughes 2008; 46: Smith et al. 2009; 47: Vasarhelyi 2002; 48: Nievergelt et al., 2000; 49: Lavergne 
et al. 2003; 50: Morin et al. 1997; 51: Satkoski et al. 2008; 52: Pastorini et al., 2004; 53: Neumann 
& Jansman, 2004; 54: Fritzsche et al. 2006; 55: Garner et al. 2005; 56: Tzika et al. 2008; 57: 
Mcaliley et al. 2006; 58: Velo-Anton et al. 2008; 59: Burns et al. 2003; 60: Milinkovitch et al. 2004; 
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Appendix G: Table G.1 continued           
Females  Males 
SB ID  Studbook  Assumption  SB ID  Studbook  Assumption 
  Sire  Dam  Sire  Dam    Sire  Dam  Sire  Dam 
13668  UNK  UNK  9652  9320   16444   UNK  UNK   8900   9644 
15616  13580  UNK  -  6072   16764   UNK  14556   14584   - 
16420  UNK  UNK  9652  13660   17128   UNK  10420   14380   - 
16448  UNK  UNK  11888  13628   17372   UNK  UNK   9652   13660 
16864  8900  13140  -  19760   17584   UNK  14556   14584   -  
17232  UNK  UNK  7008  7928   18168   UNK  15052   14380   - 
17852  UNK  10420  8308  -   18300   UNK  UNK   15356   7928 
17940  10696  UNK  -  8652   18510   UNK  UNK   14612   22404 
18464  UNK  UNK  6460  13660   18511   UNK  UNK   16872   16924 
18468  UNK  UNK  5876  5872   18600   11476  12092   -   19756 
18984  7012  UNK  -  6072   18980   7012  UNK   -   6072 
19256  UNK  UNK  16444  16448   19476   10696  UNK   -   8652 
19756  UNK  UNK  7600  7644   19752   UNK  UNK   8180   8660 
19760  UNK  UNK  8900  9644   20584   UNK  UNK   8900   19760 
19764  UNK  UNK  11476  11600   23096   UNK  20180   19752   - 
19768  UNK  UNK  11476  11600   23784   UNK  19760   19752   - 
19860  11476  12092  -  19756   24104   20168  UNK   -   17852 
19908  11476  12092  -  19756   26200   UNK  21720   22708   - 
20448  UNK  13660  13648  -   26886   UNK  UNK   17856   21504 
20772  UNK  UNK  17372  19544   27504   17044  UNK   -   10596 
20781  UNK  UNK  16968  10596   27728   15768  UNK   -   20660 
21228  UNK  UNK  18168  7980   28484   9324  UNK   -   25252 
21720  UNK  13656  13676  -   28800   UNK  26116   23624   - 
21852  UNK  UNK  14584  20696   29020   UNK  UNK   9088   10960 
22184  UNK  19760  19752  -   29268   UNK  25708   23624   - 
22240  UNK  19764  19752  -   29844   UNK  26116   26200   - 
22428  UNK  UNK  20584  19792   29900   UNK  UNK   26200   21116 
22540  UNK  UNK  19744  19792   30212   UNK  23012   26200   - 
22584  UNK  7932  19212  -   30288   UNK  26116   26200   - 
23720  20296  UNK  -  21228   30424   UNK  UNK   22036   19756 
23792  19156  UNK  -  8652   30520   24104  UNK   -   24128 
23964  UNK  19764  22516  -   30612   UNK  29172   24796   - 
24604  UNK  21380  23096  -   30772   UNK  29172   24796   - 
24809  UNK  UNK  14612  22404   30988   UNK  29676   19476   - 
24810  UNK  UNK  14612  22404   31000   22036  UNK   -   19756 
24848  UNK  UNK  23096  19756   31060   UNK  27644   28800   - 
24852  UNK  UNK  23096  19756   31136   UNK  28264   29136   - 
24904  UNK  21116  13676  -   31216   UNK  UNK   28832   20660 
25076  15768  UNK  -  20660   31276   28324  UNK   -   17996 
25176  UNK  23012  13676  -   31324   28324  UNK   -   17996 
25252  17044  UNK  -  6552   31328   28324  UNK   -   26344 
25356  17044  UNK  -  6552   31376   UNK  27820   24796   -  
25708  UNK  13660  13676  -   31610   UNK  26464   26886   - 
25820  23164  UNK  -  8652   31820   UNK  UNK   28800   29192 
26116  UNK  23152  22468  -   31904   UNK  UNK   22036   19756 
26344  17044  UNK  -  17996   32100   UNK  UNK   28800   23012 
26372  17044  UNK  -  6552   32248   UNK  26892   29460   - 
26604  UNK  13660  22468  -   32320   UNK  18468   26992   - 
26740  UNK  UNK  23096  19756   32512   UNK  28024   30396   - 
26884  UNK  UNK  14380  23132   32516   UNK  21820   30396   - 
26888  UNK  UNK  14380  24112   32532   UNK  30272   29844   - 
26892  UNK  UNK  23144  14556   32540   UNK  26604   29844   - 
27032  22036  UNK  -  19756   32560   UNK  29200   29844   - 
27080  22036  UNK  -  19756   32587   UNK  UNK   29844   25708 
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Appendix G: Table G.1 continued           
Females  Males 
SB ID  Studbook  Assumption  SB ID  Studbook  Assumption 
  Sire  Dam  Sire  Dam    Sire  Dam  Sire  Dam 
27520  17044  UNK  -  10596   32640   UNK  UNK   22036   19756 
27644  UNK  23012  23388  -   32656   UNK  UNK   22036   19756 
27820  UNK  24848  24852  -   32716   UNK  27964   29844   - 
27964  UNK  23152  23624  -   32736   UNK  27644   29844   - 
28048  UNK  13660  23624  -   32832   UNK  23152   29844   - 
28232  UNK  26116  23624  -   32848   UNK  18468   26992   - 
28308  UNK  25708  23624  -   32905   UNK  25176   29900   - 
28396  9324  UNK  -  17996   33150   UNK  UNK   30212   21116 
28564  22464  UNK  -  20772   33212   UNK  25708   30288   - 
28600  UNK  25176  23624  -   33604   UNK  UNK   30656   21820 
28892  UNK  27820  24852  -   33976   UNK  UNK   31120   21820 
28968  UNK  26604  23624  -   34136   UNK  UNK   30772   24848 
29172  UNK  24848  24796  -   34244   18980  UNK   -   17428 
29192  UNK  23152  23624  -   34270   UNK  23012   31060   - 
29200  UNK  23012  23624  -   34449   UNK  31756   31060   - 
29260  UNK  26116  23624  -   34464   UNK  UNK   30772   24848 
29536  24104  UNK  -  17852   34516   UNK  UNK   30772   24848 
29576  24104  UNK  -  17852   34568   UNK  UNK   31120   21820 
29688  23144  27264  -  26892   35272   29460  UNK   -   32504 
29808  UNK  25176  26200  -   35278   UNK  UNK   27596   28940 
29964  UNK  26604  26200  -   35612   UNK  32984   30904   - 
30016  UNK  24848  24796  -   35674   UNK  UNK   31204   29388 
30056  UNK  UNK  22036  19756   35710   UNK  UNK   34092   32240 
30156  UNK  UNK  22036  19756           
30252  UNK  UNK  26200  27964           
30556  24104  UNK  -  24128           
30928  UNK  27416  29136  -           
30958  UNK  26116  28800  -           
31140  UNK  29432  18316  -           
31184  UNK  28308  28800  -           
31212  UNK  UNK  28800  28048           
31264  28324  UNK  -  17996           
31622  UNK  24809  26886  -           
31756  UNK  28600  29268  -           
31828  UNK  UNK  28800  29192           
31832  UNK  28048  28800  -           
31908  UNK  29808  28800  -           
31924  UNK  UNK  22036  19756           
31944  UNK  UNK  28832  20660           
32108  28324  UNK  -  17996           
32192  UNK  26892  29460  -           
32536  UNK  24904  29844  -           
32592  UNK  28048  29844  -           
32624  UNK  29964  29844  -           
32684  UNK  26116  29844  -           
32700  UNK  23012  29844  -           
32772  28832  UNK  -  20660           
32808  28832  UNK  -  20660           
32836  UNK  28308  29844  -           
33154  UNK  UNK  30212  21116           
33158  UNK  27964  30212  -           
33248  UNK  UNK  30656  21820           
33332  UNK  UNK  30288  29808           
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Appendix G: Table G.1 continued           
Females  Males 
SB ID  Studbook  Assumption  SB ID  Studbook  Assumption 
  Sire  Dam  Sire  Dam    Sire  Dam  Sire  Dam 
33344  UNK  26116  30288  -           
33360  UNK  UNK  30656  21820           
33440  UNK  28600  30288  -           
33460  UNK  UNK  27596  17852           
33636  UNK  29964  30288  -           
34248  18980  UNK  -  17428           
34734  UNK  UNK  32028  29172           
34750  UNK  UNK  32028  29172           
34928  UNK  UNK  32028  29172           
35308  UNK  UNK  32028  29172           
35714  UNK  UNK  31748  29388           
35718  UNK  UNK  34092  32240           
35954  28792  UNK  -  32420           




Table G.2  Birth date, gender, location and birth type assumptions. CB: captive born, 
UNK: unknown birth type 
SB ID  Studbook  Assumption 
  Sex  Birth date  1
st location  Birth   Sex  Birth date  1
st location  Birth  
5828  M  ~1970  UNK  CB  -  10/04/1970  MEMPHIS  - 
5872  M  -  -  CB  F  -  -  - 
6208  M  ~1972  UNK  CB  -  23/05/1972  BERLIN TP  - 
6212  M  ~1972  UNK  CB  -  25/09/1972  SANDIEGOZ  - 
6220  F  ~1972  UNK  CB  -  24/02/1974  BERLIN TP  - 
8900  M  ~1979  UNK  CB  -  11/05/1970  PRAHA  - 
9644  F  UNK  UNK  CB  -  01/02/1973  PRAHA  - 
11600  F  -  UNK  UNK  -  -  BERLIN TP  CB 
12056  F  UNK  UNK  UNK  -  10/06/1982  PRAHA  CB 
15768  M  07/05/1987  -  CB  -  30/07/1987  -  - 
18464  F  -  UNK  CB  -  -  HAI BAR  - 
18511  M  ~1990  ENGLAND  CB  -  29/09/1990  CHESTER  - 
19752  M  UNK  UNK  CB  -  27/03/1983  PRAHA  - 
19756  F  UNK  UNK  CB  -  10/04/1983  DVURKRALV  - 
19760  F  UNK  UNK  CB  -  06/05/1984  MUNSTER  - 
19764  F  ~1991  UNK  CB  -  01/07/1988  BRATISLAV  - 
19768  F  UNK  UNK  CB  -  17/07/1990  EDINBURGH  - 
20781  F  ~1992  ENGLAND  CB  -  09/06/1993  WHIPSNADE  - 
26884  F  ~1998  UNK  CB  -  16/07/2000  BERLIN TP  - 
26886  M  ~1998  ENGLAND  CB  -  08/07/1997  EDINBURGH  - 
26888  F  ~1998  UNK  CB  -  09/04/2001  BERLIN TP  - 
26892  F  ~1998  UNK  CB  -  26/04/1998  BERLINZOO  - 
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Appendix I continued           
Disease  1  2  3  4  5  6  7 
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Disease  1  2  3  4  5  6  7 
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Disease  1  2  3  4  5  6  7 
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Countries underlined are scimitar-horned oryx range states. AE: United Arab Emirates; AU: 
Australia; BE: Belgium; BF: Burkina Faso; BG: Bulgaria; CA: Canada; CN: China; CU: Cuba; CY: 
Cyprus; CZ: Czech Republic; DE: Germany; DZ: Algeria; EG: Egypt; ES: Spain; FR: France; 
GB: Great Britain; GR: Greece; HR: Croatia; HU: Hungary; ID: Indonesia; IE: Ireland; IL: 
Israel; IT: Italy; JP: Japan; KR: South Korea; LK: Sri Lanka; LY: Libya; MA: Morocco; ML: Mali; 
MR: Mauritania; MX: Mexico; NE: Niger; NL: Netherlands; NZ: New Zealand; PL: Poland; PT: 
Portugal; SA: Saudi Arabia; SD: Sudan; SG: Singapore; SN: Senegal; TD: Chad; TH: Thailand; 
TN: Tunisia; TW: Taiwan; UA: Ukraine; US: United States of America; YE: Yemen; ZA: South 
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Appendix J continued       
#  Species  Scientific  Population  TAG 
47  Black lemur  Eulemur macaco macaco  EEP, SSP & ISB  Prosimian 
48  Black lemur   Eulemur macaco flavifrons  EEP, SSP & ISB  Prosimian 
49  Crowned sifaka   Propithecus verreauxi coronatus  EEP & ISB  Prosimian 
50  Grey gentle lemur   Hapalemur griseus   EEP & ISB  Prosimian 
51  Red ruffed lemur   Varecia rubra  EEP, SSP & ISB  Prosimian 
52  Western grey lemur   Hapalemur occidentalis  ISB  Prosimian 
53  Goodfellow's tree kangaroo   Dendrolagus goodfellowi  EEP & ISB  Marsupial 
54  Grizzled grey tree kangaroo  Dendrolagus inustus  ISB  Marsupial 
55  Matschie's tree kangaroo  Dendrolagus matschiei  EEP, SSP & ISB  Marsupial 
56  Southern koala   Phascolarctos cinereus victor  ISB  Marsupial 
57  Giant anteater   Myrmecophaga tridactyla  EEP, SSP & ISB  Xenarthra 
58  Asian small-clawed otter  Aonyx cinereus     SSP  Small carnivore 
59  Fossa   Cryptoprocta ferox  EEP, SSP & ISB  Small carnivore 
60  Giant otter   Pteronura brasiliensis  EEP, SSP & ISB  Small carnivore 
61  Red panda   Ailurus fulgens refulgens  EEP, SSP & ISB  Small carnivore 
62  Madagascar giant jumping rat  Hypogeomys antimena  ISB  Rodent 
63  Giant panda  Ailuropoda melanoleuca  SSP & ISB  Bear 
64  Polar bear   Ursus maritimus  EEP, SSP & ISB  Bear 
65  Sloth bear   Melursus ursinus  EEP, SSP & ISB  Bear 
66  Spectacled bear   Tremarctos ornatus  EEP, SSP & ISB  Bear 
67  African wild dog   Lycaon pictus  SSP & ISB  Canid & hyaenid 
68  Bush dog   Speothos venaticus  EEP & ISB  Canid & hyaenid 
69  Maned wolf   Chrysocyon brachyurus  EEP, SSP & ISB  Canid & hyaenid 
70  Mexican grey wolf   Canis lupus baileyi  SSP & ISB  Canid & hyaenid 
71  Red wolf   Canis rufus gregoryi  SSP & ISB  Canid & hyaenid 
72  Amur leopard   Panthera pardus orientalis  EEP, SSP & ISB  Felid 
73  Amur tiger   Panthera tigris altaica  EEP, SSP & ISB  Felid 
74  Arabian leopard   Panthera pardus nimr  ISB  Felid 
75  Bengal tiger   Panthera tigris tigris  ISB  Felid 
76  Black-footed cat   Felis nigripes  EEP & ISB  Felid 
77  Caracal   Caracal caracal  SSP  Felid 
78  Cheetah   Acinonyx jubatus  EEP, SSP & ISB  Felid 
79  Chinese leopard  Panthera pardus japonensis  EEP & ISB  Felid 
80  Fishing cat   Prionailurus viverrinus  EEP & ISB  Felid 
81  Gordon's wild cat   Felis silvestris gordoni  ISB  Felid 
82  Indochinese tiger   Panthera tigris corbetti  ISB  Felid 
83  Pallas' cat   Felis manul  EEP & ISB  Felid 
84  Sand cat   Felis margarita  EEP & ISB  Felid 
85  Snow leopard  Uncia uncia  EEP, SSP & ISB  Felid 
86  South China tiger   Panthera tigris amoyensis  ISB  Felid 
87  Sri Lankan leopard  Panthera pardus kotiya  EEP & ISB  Felid 
88  Sri Lankan rusty-spotted cat  Prionailurus rubiginosus phillipsi  ESB & ISB  Felid 
89  Sumatran tiger   Panthera tigris sumatrae  EEP, SSP & ISB  Felid 
90  Oriental white stork   Ciconia boyciana  EEP & ISB  Ciconiiformes 
91  Great hornbill   Buceros bicornis  EEP & ISB  Coraciiformes 
92  Blue-billed currasow  Crax alberti  PMP & ISB  Cracid & cuckoo 
93  Red-billed currasow  Crax blumenbachii  ISB  Cracid & cuckoo 
94  Blyth's trapoan   Tragopan blythii  ESB & ISB  Galliformes 
95  Congo peafowl   Afropavo congensis  EEP, SSP & ISB  Galliformes 
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Appendix J continued       
#  Species  Scientific  Population  TAG 
96  Horned Guan   Oreophasis derbianus  ISB  Galliformes 
97  Vietnamese pheasant   Lophura hatinhensis  ISB  Galliformes 
98  Black-necked crane  Grus nigricollis        ISB  Gruiformes 
99  Buff crested bustard   Lophotis ruficrista     PMP & ISB  Gruiformes 
100  Hooded crane   Grus monacha  ESB, PMP & ISB  Gruiformes 
101  Kori bustard   Ardeotis kori  SSP & ISB  Gruiformes 
102  Red-crowned crane   Grus japonensis  EEP, SSP & ISB  Gruiformes 
103  Siberian white crane   Grus leucogeranus  EEP & ISB  Gruiformes 
104  Wattled crane  Bugeranus carunculatus  ESB, SSP & ISB  Gruiformes 
105  White-naped crane   Grus vipio  EEP, SSP & ISB  Gruiformes 
106  Maroon-fronted parrot   Rhynchopsitta pachyrhyncha terrisi  SSP & ISB  Parrot 
107  Spix's macaw   Cyanopsitta spixii    ISB  Parrot 
108  St Vincent parrot   Amazona guildingii  ISB  Parrot 
109  Lesser bird-of-paradise   Paradisaea minor  PMP & ISB  Passeriformes 
110  Red bird-of-paradise   Paradisaea rubra  PMP & ISB  Passeriformes 
111  Mauritius pink pigeon   Columba mayeri  EEP, SSP & ISB  Pigeon 
 296 300 304 308 312 
Table N.4   Results of the pairwise Mann-Whitney U tests with Bonferroni correction for 
the mean inbreeding of extant populations for the 14 scenarios of the female 
reproduction model. Pairwise differences between scenarios are highlighted 
in light grey 
  Percentage of females breeding 
  42%  43%  44%  45%  46%  47%  48% 








































47%              W=150245 
P=0.6620 
               
  Percentage of females breeding 
  49%  50%  51%  52%  53%  54%  55% 











































































































































54%              W=259645 
P=0.0261 











Table N.21   Results of the pairwise Mann-Whitney U tests with Bonferroni correction for 
the mean inbreeding of extant populations for the 12 scenarios of the 
bluetongue dispersal model. Pairwise differences between scenarios are 
highlighted in light grey 
 
  Bluetongue dispersal models 
  0%  1%  2%  3%  4%   
































3%          W=238900 
P=0.0110 
 
             
  Bluetongue dispersal models 
  5%  6%  7%  8%  9%  10% 




































































































9%            W=238133 
P=0.3405 
 
 